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further, the vital importance of weight necessitates
that each item in the structure shall take advantage
of the full properties possible in any material best.
suited for the fabrication of that item. It is, then.
essential to have a comprehensive group of mate-
rials to select from, and an increase of a few tons
per square inch in the strength of steels, and, of
course, less than this amount in the light alloys,
may mean a considerable saving on a large aircraft.

The carbon steels are available in strengths from
20 to 55 tons, and the ductility tends to decrease
with, increase in strength. The best combination
of strength and ductility is secured after hardening
and tempering.

The percentage of carbon present- in the steels
is important. The amount present is under the
control of the steelmaker, and depends on the
purpose for which the steel is required; the softer
the steel the lower the carbon. Broadly speaking.
the low carbon steels have no great' strength, but
they are very ductile and tough and lend them-
selves for deep pressing or severe forming. With
increasing carbon content strength increases, but
there is a corresponding decrease in ductility.

The high strength steels are usually alloys, the
principal alloying elements employed being nickel
and chromium, singly or together. Some specific
parts, e.g. engine valves, contain other elements,
but in all these instances the special elements are
not added primarily to secure greater strength
(valves being used in the softest condition), but
because of their influence in the particular con-
ditions under which the steel has to operate.

The influence of small amounts of carbon,
nickel and chromium in the alloy steels is very
marked, and although it is possible to secure
similar strengths with varying chemical composi-
tions in the lower ranges of strength, the adjust-
ment of the elements is extremely important in the
highest strength ranges.

The Case-hardening Steels can be considered as in
a special class, as the utmost strength with maxi-
mum ductility is usually required in the core of
most case-hardened parts. It is essential, therefore,
that the carbon content be on the low side, which
necessitates increased additions of other elements.
The ordinary process of case-hardening consists in
introducing carbon into the surface in order to
secure a dead hard skin; in the Nitriding process
nitrogen is the active element, and when an
intensely hard skin is desired an alloy steel of
particular chemical composition is necessary. All
the ordinary case-hardening steels aro hardened
and tempered after completion of the casing process
and distortion of the parts is difficult to avoid; it
is claimed for the Nitriding process, hi which the
parts are hardened previous to the Nitriding
operation, that distortion can be avoided, the
temperature employed in this process being
relatively low.

The Stainless or Hon-corroding Steels are finding

increasing application on aircraft. These steels are
essentially in the alloy class, and the element
chromium is fundamental in their composition.
Stainless steels are obtainable in all forms from
thin wire to large forgings, and although the manu-
facture of tubes in dimensions suitable for aircraft
has not progressed rapidly, certain classes of tube,
circular and sectional, are in production and are
standard equipment on several aircraft,

Most of the stainless steels respond to heat
treatment like the carbon and alloy class, but one
variety cannot be hardened by heat treatment,
and is dependent on cold work, such as rolling or
drawing, to acquire a useful strength. The main
applications of the cold-worked variety are as wire
for cables and streamline sections, as sheet and
strip for fittings and cold-formed members, as tubes
for fuel, oil, and structural members. The strength
of these as used on aircraft is not high, excepting
the thin wire used in constructing cables. When
higher strengths are required corresponding to
those of the alloy steels the heat-treated stainless
steels are used.

Apart from their corrosion-resisting property
none of the stainless steels has any particular
advantage over the available carbon or alloy steels
for aircraft purposes excepting, perhaps, the high
coefficient of expansion and the non-magnetic
properties of the cold-worked variety. On the,
other hand, stainless steels are available, com-
parable in strength and other properties to most
other steels used on aircraft, and are equally
suitable for nearly all structural members and
fittings.

The corrosion-resisting properties vary somewhat
under the conditions encountered on aircraft. Xne-
most resistant are those belonging to the group
containing 6 per cent nickel/12 per cent chromium,
next in order being the 1 per cent nickel/16-20
per cent chromium, and the least resistant is the
1 per cent nickel/12 per cent chromium group.
Steels in each group in varying forms have useful
applications on aircraft, some being very ductile
and standing considerable punishment in the way
of bending and forming without harmful effect.
They are considerably used, particularly on flying
boats and seaplanes.

LIGHT ALLOYS. The Light Alloys do not vary
greatly amongst themselves for any particular
form. The most important are those consisting
essentially of aluminium. Pure aluminium is still
used here and there in the form of sheets for cowl-
ings, panels, and tanks, but it seems probable that
pure aluminium will eventually be entirely replaced
by one of the simple new aluminium alloys, by
magnesium or one of the alloys of this metal.

The history of the development of the aircraft
light alloys is interesting. Amongst the first used
on aircraft were casting alloys, and the wrought
alloy Duralumin, These were in use before 1918,
asnd for several years were the only light alloys
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